Background: Complications arising from sinus floor elevation (SFE) with lateral approach surgery
Cone beam computed tomography (CBCT) may be a useful diagnostic tool for providing a comprehensive radiographic assessment before SFE surgery. 9 The most frequent intraoperative complication of SFE surgery is perforation of the Schneiderian membrane, which occurs in 11 to 56% of cases. 8 The presence and location of the maxillary septa and the thickness and angles of the maxillary sinus walls are among the most commonly studied anatomical factors associated with the occurrence of membrane perforation. 6, 7 Since the orientation of the septa restricts the movement of the surgical instruments, expanding the vestibular access is necessary for complication-free handling without giving rise to uncontrolled membrane compression. 3 The arteries of the anterior maxillary walls are responsible for vascularization to the alveolar process, which is essential for healing and for the integration of grafted bone. 10 Branches of the posterior superior alveolar artery (PSAA) supply the lateral wall of the maxilla, whereas those of the infraorbital artery (IOA) supply the Schneiderian membrane. The PSAA and IOA anastomose with one another on the lateral wall of the maxillary sinus. 9, 11 This anastomosis is prone to injury by the upper part of the bone incision and may restrict the dimension of the bone window during SFE surgery. 10, 12 The risk of such injury may be reduced by exact confirmation of the position of the arteries in relation to easily identifiable anatomical structures. 10 Not only the internal sinus structures and adjacent vessels but also the morphology of the maxillary sinus itself have been strongly associated with surgical complications. 2 The maxillary sinus ostium (MSO) is responsible for drainage of the sinus by normal mucociliary drainage. The MSO is oriented at the highest part of the medial wall of the sinus and opens into the ethmoidal infundibulum. 13 Although this is not common, the MSO may be obstructed following sinus augmentation procedures, which may result in blockage of the ostiomeatal complex. 14, 15 The accessory maxillary ostium (AMO) is one of the anatomical variations thought to disturb the mucociliary clearance of the maxillary sinus and thus to play a role in the occurrence of chronic maxillary sinusitis. 16 The incidence of AMO has been reported to range from 0% to 43%. It is mostly encountered 5 to 10 mm superior to the attachment of the inferior concha and opens onto the lateral nasal wall. 17 While planning SFE procedures, surgeons should identify the presence and position of the AMO as a predisposing factor for chronic maxillary sinusitis, and detachment of the membrane up to this point should be avoided during surgery. 18 The aims of this retrospective study were therefore (a) to determine the frequency of anatomical structures and variations of the maxillary sinus by using CBCT and (b) to assess the potential clinical relevance of these structures and variations in planning SFE with lateral approach procedures.
| MATERIALS AND METHODS

| Study design and population
This retrospective analysis of CBCT images from adult patients in terms of diagnosis and treatment planning, including dental implants, maxillofacial surgery, preprosthetic therapy planning, orthodontics, endodontics, and oral pathology, was carried out at the Akdeniz Uni- 
| Image analysis
All CBCT images were performed on a Promax 3D unit (Planmeca Co, , with teeth again being used as reference points. 8 In the case of patients with missing dental elements, localization was established using the method described by Gonzalez-Santana et al. 20 This involved dividing the sinus into three distinct sections by means of two straight lines drawn perpendicular to the floor of the sinus but equidistant from the anterior and posterior sinus walls. Anterior, middle, and posterior regions were thus elicited.
| Lateral wall thickness
The thickness of the sinus lateral wall 3 and 15 mm from the sinus floor was calculated on the coronal images, replicating the inferior part of the lateral window access during sinus augmentation surgery. Measurements were performed at the level of four bilateral teeth-the first premolar (P1), second premolar (P2), first molar (M1), and second molar (M2).
| Posterior superior alveolar artery
The PSAA canal diameter was also calculated on the coronal images, after which the diameters were classified into three groups:
(a) <1 mm, (b) 1 to 2 mm, and (c) >2 mm. 12 When the position of the bony canal of the PSAA was confirmed, the distances from the inferior border of the canal to the sinus floor and alveolar crest were measured. The measured distances were also divided into two separate categories, less than 15 mm from the crest and greater than 15 mm from the crest. 10 Measurements were performed at the level of four teeth on both sides-P1, P2, M1, and M2. 10 PSAA canal positions were investigated using total coronal images from the rear to the front of the maxillary sinus. The PSAA canal was observed in (a) the intrasinus position, beneath the sinus membrane at the lateral sinus wall, (b) the intraosseous position, within the lateral wall, and (c) the superficial position, at the outer cortex of the lateral sinus wall. 21 
| Ostium localization
The MSO was regarded as constituting the distance between the inferomedial aspect of the orbital rim and the uncinate process.
Anterior-posterior localization of the AMO and MSO was divided into three categories (a) the anterior region (from the mesial aspect of the P1 to that of the M1), (b) the middle region (from the mesial aspect of the M1 to the distal aspect of the M2), and (c) the posterior region (from the distal aspect of the M2 to the posterior of the tuber maxillae).
| Distance between the ostium and the sinus floor
Coronal slices revealing all structures of the ostiomeatal complex were 
| Statistical analysis
Each sinus was regarded as a distinct unit for analytical purposes. All (two values for the lateral wall width, two for the distance to the inferior border of the PSAA canal, PSAA canal diameter, the distance between the AMO and the sinus floor, and the distance from the MSO to the sinus floor) according to age were also compared using
Spearman's correlation test. Significance was set at P < 0.05. 
| RESULTS
High
| Maxillary sinus septa
Sinus septa were present in 48 (42.1%) of the 114 total patients and in 75 (32.9%) of the 228 maxillary sinuses. One septum (93.3%) was present in 70 sinuses, and two septa (6.7%) in 5 sinuses, all being incomplete. Three or more septa were not determined in any sinus.
Significant differences were observed between the frequency of septa and patients' age or gender (P < 0.05), but no significant difference was determined in terms of frequency of septa and patients' dentition status (P ≥ 0.05). The highest proportion of septa was observed in the middle region (48.8%), followed by the posterior (26.3%) and anterior (25%) regions. The coronal type was the most frequent septa orientation (60%). Analysis revealed that 66.3% of the 80 septa were on the sinus floor (Table 1) .
| Thickness of the sinus lateral wall
The mean thickness of the sinus lateral wall was 2.1 AE 0.88 mm (Table 2) . Distance from the PSAA canal to the sinus floor was significantly correlated with status of dentition and inversely correlated with age. The same relations were determined between the distance of the alveolar crest to the PSAA canal, status of dentition, and age. Lateral wall thickness (in the area 3 mm from the sinus floor) was statistically significantly correlated with status of dentition and inversely correlated with age (Table 3) . Within-bone and below membrane positions varied significantly depending on mean lateral wall thickness (F = 16.819, P < 0.0001). No correlation was determined between lateral wall thickness and PSAA canal diameter (at 3 mm or 15 mm from the sinus floor) (P = 0.07, R = 0.06 and P = 0.12, R = 0.05, respectively). 
| DISCUSSION
The amount and significance of the anatomic variations determined in the present research emphasize the importance of CBCT in preoperative planning for SFE with a lateral approach. 23 SFE procedures are significantly dependent on fragile structures and anatomical variations. Although SFE is a simple concept, various anatomical aspects and considerations still require close attention when performing the surgery. 6 Anatomical variations observed in surgical landmarks may pose a challenge even for highly experienced surgeons. Preoperative radiological evaluation to identify the most frequent anatomical variants of maxillary sinus is therefore essential for reducing the complications associated with SFE surgery.
11
The presence of maxillary sinus septa can give rise to accidental perforation of the Schneiderian membrane during the procedure and to subsequent development of acute or chronic sinusitis and graft resorption. 24 Furthermore, septa can constitute an obstacle to the raising of the bone plate and of the sinus membrane during surgery. 25 Previous studies indicate a wide spectrum of variations and methodological differences among data regarding the frequency, location, and orientation of maxillary sinus septa. 8 The reported frequency of septa ranges between 13% and 66.5%. 1, 8, 10, 23, [26] [27] [28] [29] [30] In the present study, septa were determined in 32.9% of 228 sinuses. The location of sinus septa also varies in previous studies. The most common site reported by Underwood 31 was the posterior region. In contrast, Krennmair et al. 27 reported that the majority of septa were located in the anterior region of the maxilla (70%-75%). In a recent meta-analysis, Pommer et al. 29 reported that the septa were more commonly located in the molar (middle) region, with a frequency of 54.6%. Similarly, the current study revealed that the septa were more common in the middle region than in other areas (48.8%), which is compatible with Pommer et al. 29 and other studies. 1, 8, 26 When comparing the prevalence of septa in dentate and edentulous regions, Kim et al. 26 and Pommer et al. 29 suggested that the prevalence was higher in edentulous jaws compared with dentate maxilla. Conversely, Bornstein et al. 8 reported a septa frequency of 66.5%, although 14% of all jaws were edentulous. The absence of any statistically significant difference between dentate and edentulous patients in the present study, and 40.8% of posterior maxilla regions being dentate, is consistent with Bornstein et al.'s 8 find-
ings. Further studies are needed to fully explain this variation and to establish consensus on the subject. In contrast, some studies of septal orientation have reported that the coronal type is the most common form. 8, 30 The most frequent orientation in our study was coronal (60%), and the majority of septa (66.3%) were observed on the floor of the maxillary sinus.
An accurate knowledge of the blood supply system of the maxillary sinus may be crucial in many instances. 9, 11 One factor that affects wound healing after SFE depends is the blood supply of the affected bone. 9 Preservation of the arteries of the anterior maxilla is essential for implant osteointegration as well as for the vascularization and healing of the grafted bony material. 32 Gray et al. 33 reported that if appropriate vascularization is preserved during surgery, then even The rate of PSAA canal detection using CBCT in the present research was 87.7%, which was compatible with previous studies. [34] [35] [36] The fact that half (52.6%) of the PSAA canals in our study were intraosseous demonstrates that CBCT scans can be of significant benefit to the surgeon in predicting potential hemorrhage during antrostomy. Bleeding due to the transection of small-diameter arteries during the surgical procedure can easily be controlled using methods such as electrocauterization, and no major problems are generally encountered. 37 However, it may be more difficult to establish hemostasis for large-diameter arteries, and there may be a greater risk of perforation of the sinus membrane. 37 Postoperative sequelae may therefore be of a more serious nature. 9 In a study involving CT, Ella et al. 38 reported a vessel diameter of 1 to 2.5 mm in 57.1% of patients. In agreement with that study, 63.6% of PSAA canals in the present study were greater than 1 mm in diameter, and this emerged as another factor increasing the potential for bleeding during antrostomy.
In addition to the position and diameter of the PSAA, another potential cause of bleeding is excessive thickness of the sinus lateral wall during SFE with a lateral approach. The risk of bleeding during SFE has been previously reported to be higher in the presence of a thicker lateral wall. 11 This may be due to the greater likelihood that the artery is masked by the thicker wall during antrostomy with a rotary cutting instrument. Kang et al. 11 reported that the anterior area of the sinus lateral wall was significantly thicker than the posterior wall. In contrast to Kang et al., 11 the current study revealed that the posterior area of the sinus lateral wall yielded thicker values than the anterior area, indicating a greater potential for bleeding during the antrostomy.
We recommend that when applying the lateral window approach, the membrane should be raised to the medial wall of the maxillary sinus. The principal reason for this is that the posterior lateral nasal artery sited on the medial wall represents another source of nutrition for the grafts. Second, tension in the membrane can be reduced by raising the membrane to the medial wall. Third, accessing the medial wall guarantees that once the bone grafts have been integrated the implants will be completely surrounded by regenerated bone tissue. 2 Although lifting the membrane as far as the medial wall is recommended during SFE, the location of the AMO may have a restricting impact on this surgical intervention.
AMO was detected in 93 (40.8%) of 228 sinuses, in accordance with previous research with reported AMO frequencies ranging between 0% and 43%, 16, 17, 39 which highlights that the presence of AMO is too frequent to be overlooked. Furthermore, to the best of our knowledge, no previous study has investigated the localization of the AMO in relation to the maxillary sinus floor and alveolar crest.
Taken together, the results of the present study confirm previous findings and make an additional contribution to the current literature on maxillary sinus anatomy. Our results revealed that the AMO was mostly located in the middle region, and that the distance from the sinus floor to the AMO was less than 16 mm in 9.4% of sinuses. It is therefore possible to hypothesize that this may pose a risk for contamination of the bone graft or dental implant through the nasal cavity. Extreme caution may therefore be necessary in severely atrophic jaws requiring a high amount of graft material.
Limited data concerning the variable position of the MSO are available in CBCT studies. 40 In terms of position, the MSO is observed in the region of the posterior half of the infundibulum or posterior to the central point of the bulla ethmoidalis. 40 To the best of our knowledge, this is the first study to assess the location of the MSO based on the sinus floor and dentition. The most frequent location of the MSO was the middle region, and the mean distance between the MSO and the sinus floor was 28.5 mm, which may indicate a limitation for sinus augmentation procedures. We also observed that the most frequent location of the MSO was the middle region, the mean distance between the MSO and the sinus floor being 28.5 mm, which may not routinely indicate a limitation for sinus augmentation procedures. However, it was previously reported that overfilling the sinus with graft material may lead to sinus hypoplasia and resultant sinusitis. 41 This potential may be greater in small volume sinuses.
Furthermore, Maksoud 42 also presented a case with frequent headache, sinus congestion, and discharge following sinus augmentation.
The author suggested that the excessive amount of grafting material immediately below the ostium might cause blockage of the normal fluid movement in the maxillary sinus. Particular care is therefore essential in sinus augmentation procedures in case of a short distance between the AMO or MSO and the sinus floor. The main limitation of this study is the relatively small sample size. More broadly, further research is also needed to assess the influences of anatomical variations on outcomes of SFE procedures.
| CONCLUSION
The current study highlights the importance of CBCT examination in detecting maxillary sinus anatomical structures and variations for planning SFE procedures. CBCT-guided treatment planning may therefore be beneficial prior to SFE procedures in order to avoid surgical complications.
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